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Abstract 
Activated carbon was produced from palm kernel shell (PKS) and coconut shell (CS) through physical steam activation and chemical 
activation. The optimum activation temperature for physical activation is 800oC and for chemical activation is 550oC. The activated carbons 
produced also loaded with different metal oxides (BaO, MgO, CuO, TiO2 and CeO2). Both loaded and unloaded activated carbons are 
characterized using ultimate analysis, BET surface area measurement method, fourier transform infrared (FT-IR) analysis and x-ray diffraction 
(XRD) analysis. The BET surface area and pore volumes showed that the activated carbons prepared from PKS by chemical activation (PCAC) 
and from CS by physical activation (CPAC) were found to be much higher than others activated carbons. Hence, the metal oxides were loaded 
on these two activated carbons. The loaded and unloaded activated carbons produced will be tested for application of CO2 adsorption from the 
simulated flue gas. 
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1. Introduction 
Activated carbon has been known as the most effective and useful adsorbents for the removal of pollutants from polluted gas and 
liquid streams. This is due to the properties of activated carbons which have a large active surface area which can provide high 
adsorption capacity, well developed porous structures and good mechanical properties [1, 2]. In addition, activated carbon is 
most widely used since most of its chemical (e.g. surface groups) and physical properties (e.g. surface area and pore size 
distribution) can be designed and adjusted according to the required application [3]. Besides, the adsorption on activated carbon 
appears to be most common techniques because of its simplicity of operation since the sorbents material can be made highly 
efficient, easy to handle and in some cases they can be regenerated [4].  
 The most common precursors used for the preparation of activated carbons are organic materials that is rich in carbon. 
Therefore, the development of methods to reuse waste materials as activated carbons is greatly desired and offers a promising 
future. Agricultural wastes, such as jatropha, corn cob, coconut shell, oil palm fiber, wood sawdust and date stone are of interest 
to be converted into activated carbons because of their hardness and high strength in which these desired properties are due to its 
high lignin, high carbon content and low ash content of the materials [2, 5]. Therefore, in this study, palm kernel shell and 
coconut shell were chosen as a precursor for the production of activated carbon since both of them are abundantly available in 
Malaysia and has very low market value.  
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The most frequent method used for the preparation of activated carbon is the carbonization of the precursors at high 
temperature in an inert atmosphere followed by the activation process. The activation process is subdivided into physical and 
chemical. Physical activation process comprises treatment of char obtained from carbonization with oxidizing gases, generally 
steam or carbon dioxide at high temperature (400-1000oC) [6]. In the chemical activation process, the starting material is mixed 
with an activation reagent and the mixture is heated in an inert atmosphere [7, 8]. This process is usually done at lower 
temperature and activation time, higher producing surface area and better porosity as compared to physical activation.  
The goal of this study is to prepare activated carbon from palm kernel shell and coconut shell by physical steam activation and 
chemical activation with zinc chloride (ZnCl2) to adsorb CO2 from its source such as flue gas. To further improve the adsorption 
efficiency of the activated carbon, this paper also aims to impregnate the best activated carbon with different metal oxides. The 
selection of metal oxides will be based on the gas to be adsorbed. In this study, the metal oxides that were selected are barium 
oxide (BaO), magnesium oxide (MgO), copper oxide (CuO), titanium oxide (TiO2) and cerium oxide (CeO2). The properties of 
the pure and impregnated activated carbon were analyzed using ultimate analysis, Fourier Transform Infrared (FT-IR), nitrogen 
adsorption-desorption analysis, X-ray diffraction (XRD) analysis and thermogravimetric analysis. 
 
2. Material and methods 
2.1. Raw material 
The palm kernel shell (PKS) and coconut shell (CS) were selected for activated carbon preparation. PKS was collected from a 
palm oil mill that is located in Dengkil, Selangor and CS was collected from the local community in Shah Alam. The materials 
were cleaned with distilled water several times to remove dust and impurities. The PKS and CS samples were later dried in the 
oven at 110oC for 24h to remove any surface moisture and were then ground to a desired size. The proximate and ultimate 
analysis were carried out to evaluate the volatiles and fixed carbon contents as well as to quantify the elemental composition, 
respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Palm kernel shell; (b) Coconut shell 
2.2. Activated carbon preparation 
2.2.1 Physical activation 
The palm kernel shell (PKS) and coconut shell (CS) were loaded into a stainless steel reactor (Fig.2), which was heated up by 
an electrical tube furnace. In the initial stage, the reactor was heated up to 300oC and was kept at this temperature for 30 minutes. 
The temperature was later ramped up to about 800oC. At this rate, PKS and CS were completely pyrolyzed. Water was then 
injected at the flow rate of 120 mL/hr to the reactor to activate the samples. The reaction between steam and carbon was taken 
place and pore was generated [9]. After completing the activation process, the reactor was cool down, the samples was taken out 
and washed using distilled water. 
 
2.2.2 Chemical activation 
PKS and CS were mixed with ZnCl2 solution with the ratio 1:1 (mass basis) and kept for about 24h at room temperature. The 
samples were then transferred into a stainless steel reactor as shown in Fig.2. Nitrogen gas flow of 200 mL/min was used for 
making inert environment inside the reactor and transporting out the volatile compounds.  The reactor was heated to 550oC and 
was kept at this temperature for about 1h. After the activation process was completed, the reactor was cool down and the samples 
were taken out and washed repeatedly for about 5 times with distilled water to remove access chemical from adsorbents. The list 
of adsorbent samples prepared in this study is shown in Table 1. 
 
(a) (b)
)
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                         Table 1. List of adsorbent samples prepared 
Sample Activating agent concentration (%) Yield (%) 
Physical activated carbon from PKS(PPAC) Steam flow 10% of solid/min for 1h 22 
Physical activated carbon from CS (CPAC) Steam flow 10% of solid/min for 1h 24 
Chemical activated carbon from PKS (PCAC) ZnCl2 60% of solid 44 
Chemical activated carbon from CS (CCAC) ZnCl2 60% of solid 45 
 
 
 
Fig.2. Experimental set-up for preparation of activated carbon 
 
 
 
2.2.3 Impregnation process 
The best activated carbon from physical and chemical activation were loaded with 10 wt% of selected metal oxide (BaO, 
MgO, CuO, TiO2, CeO2) to enhance the selective adsorption capacity of the adsorbent. The selection of 10wt% concentration for 
all metal oxides was based on the preliminary study. Initially, the solutions of chloride salts of these metals were prepared in a 
beaker and a required amount of activated carbon was added into the solution. The mixture was left for 24 h at room temperature, 
then the excess solution was filtered out and the solid mass was dried at 70-80 °C in oven for overnight. The dried sample was 
then placed in the same stainless steel reactor and was heated up to 750oC and was left the reactor at this temperature for 1 h 
under the flow of nitrogen gas at the rate of 200 mL/min. After 1h, the reactor temperature was cool down to room temperature, 
and the product was taken out and stored in a desiccators.  
 
2.3. Characterization of activated carbon 
The physico-chemical characteristics of the activated carbon from physical activation and chemical activation for PKS and CS 
were determined. Thermal stability of loaded and unloaded activated carbons was evaluated using thermogravimetric analyzer, 
TGA/DSC (Mettler Toledo). The temperature range of the analysis was room temperature to 900oC with the heating rate of 
10oC/min under nitrogen atmosphere. Ultimate analysis were carried out using CHNS-O Analyzer (FlashEA,1112 Series) to 
determine carbon, hydrogen, nitrogen and oxygen (by difference) of the samples. The surface organic functional groups of 
activated carbon samples were analyzed using FT-IR spectroscopy (Pelkin Elmer Spectrum One). The IR spectrum was recorded 
from a wavenumber range of 500-4000 cm-1 at a resolution of 4cm-1. 
. In order to determine the surface area, automated gas adsorption analyzer, AUTOSORB-iQ/MP-XR  is used with adsorption-
desorption isotherms of nitrogen at -196oC. The samples were degassed under nitrogen for at least 2h. The specific surface area 
of the sorbent was determined by Brunauer-Emmett-Teller (BET) method while the pore volume was directly calculated from the 
volume of nitrogen held at the highest relative pressure (P/Po = 0.99) [2]. An X-ray Diffractometer (XRD), was used to 
investigate the surface on inorganic components of the loaded and unloaded activated carbon. The diffraction angle (2Ɵ) was 
scanned from 10o to 80o. 
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2.4. CO2 adsorption process 
The CO2 adsorption test was carried out in a pressure swing adsorption (PSA).  For these experiments 15 % CO2 and 85 % N2 
gas mixture was used. In each experiment 150g of adsorbent was used in the adsorption column, while 4 L/min of feed gas under 
NTP (under 4 bar it is 1 L/min) was passed until the saturation of adsorbent. This study was monitored and recorded on an online 
portable gas analyzer. 
3. Results and discussions 
3.1. Elemental analysis of the activated carbon 
The elemental analyses of physical and chemical activated carbon are summarized in Table 2. The physical activated carbons 
were produced at 800oC and thus, most of the oxygen containing functional groups were removed from carbon skeletal. This is 
because at high temperature, volatile matter content was released [10]. Therefore, the carbon content in physical activated carbon 
is higher than chemical activated carbon. For chemical activated carbon, it was treated at 550oC, which is lower than the physical 
activation temperature. Hence, some of the oxygen containing functional groups are present as can be observed in FT-IR 
spectrum as well. Therefore, the hydrogen and oxygen content in chemical activated carbon are higher than the physical activated 
carbon. 
                   Table 2. Elemental analysis of activated carbon 
No Samples  Ultimate analysis (wt%) 
   C H N O* 
1 Physical activated carbon from PKS(PPAC)  85 1.1 0.02 13.88 
2 Physical activated carbon from CS (CPAC)  84 1.7 0.03 14.27 
3 Chemical activated carbon from PKS (PCAC)  77 3.2 0.04 19.76 
4 Chemical activated carbon from CS (CCAC)  75 3.3 0.05 21.65 
           * Oxygen by difference 
3.2. FT-IR analysis 
The FT-IR spectra of physical and chemical activated carbon were given in Fig. 3. For physical activated carbon, obviously 
most of the functional groups were diminished since it was produced at high temperature (800oC). According to Yacob et al., the 
functional groups from the raw material were released as volatile materials when heat was supplied to the sample during the 
carbonization and activation process [11]. This proved that the activation process has taken place successfully. However, the 
chemical activated carbon retained some IR sensitive functional groups, C-O functional group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. FT-IR spectra of physical and chemical activated carbon 
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3.3. BET surface area 
BET surface area for activated carbon for all samples including the impregnated samples were shown in Table 3. The BET 
surface area obtained was significantly high and it is within the acceptable range of commercial activated carbon (500-1500 
m2/g). Generally, with high BET surface area, results in higher adsorption capacity because the activated carbon is capable to 
adsorb a number of gases under different conditions [12].  
It can be observed that for physical activation, CS gave the highest BET surface area (1011 m2/g) as compared to PKS (584 
m2/g) because the yield of CS is higher than PKS. Surface area of physical activated PKS is consider low and not suitable for any 
adsorption application. However, for chemical activated sample, PKS provided larger surface area, 1223 m2/g compared to CS, 
953 m2/g. This is because ZnCl2 as the activating agent has contributed to create more new pores and widen the existing pores. 
The chemical activated CS is gave lower surface area than physical activated CS. PKS chemical activated carbon also exhibited 
the highest pore volume (0.70 cm3/g), followed by CS physical activated carbon (0.45 cm3/g) which indicated higher gas 
adsorption.  
However, when the activated carbons were loaded with metal oxide, the pore volume of the samples decreased. These 
observations indicate that the impregnation process allows the metal particles to be positioned in the most internal part of the 
pores, blocking the fine microporosity [13, 14]. Consequently, pore volume for metal loaded was lower than the unloaded 
activated carbon. At this moment, adsorption of CO2 were not only related to BET surface area and pore volume but also 
depended on reaction occurred between adsorbate (CO2) and adsorbent (loaded AC). 
      
    Table 3. BET surface area 
Sample BET Surface area 
(m2/g) 
Total pore volume 
(cm3/g) 
Average pore 
diameter (Å) 
Physical activated carbon from PKS (PPAC) 584 0.26 18.09 
Physical activated carbon from CS (CPAC) 1011 0.45 18.70 
Chemical activated carbon from PKS (PCAC) 1223 0.70 22.88 
Chemical activated carbon from CS (CCAC) 953 0.43 18.17 
BaO/CPAC 979 0.41 18.21 
MgO/CPAC 494 0.22 17.93 
CuO/CPAC 876 0.38 17.33 
TiO2/CPAC 1012 0.43 17.60 
CeO/CPAC 1080 0.46 16.90 
BaO/PCAC 1250 0.67 21.50 
MgO/PCAC 433 0.35 18.50 
CuO/PCAC 1123 0.63 20.5 
TiO2/PCAC 1170 0.50 17.17 
CeO/PCAC 1125 0.65 21.24 
3.4. Thermogravimetric analysis 
 Fig. 4 (a) and Fig. 4 (b) present the thermal decomposition properties of activated carbon. From Fig. 4 (a), it can be seen that 
the significant weight loss occurred below 100oC which can be related to the moisture absorption by the activated carbons and 
impregnated activated carbons. The weight loss above 600oC can be related to carbon decomposition phase.  
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Fig. 4. (a) Thermogravimetric analysis weight loss curve (b) Thermogravimetric analysis differential thermal analysis curve (DTA)  
 The differential thermal analysis (DTA) curve in Fig. 4(b) represents the thermal event in solid particle during heating 
process of the sample. The thermal event means that the heat is either evolved or absorbed during the heating up. Thus, a DTA 
curve provides data on the transformations that have occurred, such as glass transitions, crystallization, melting and sublimation. 
The area under a DTA peak is the enthalpy change and is not affected by the heat capacity of the sample. When the heat is 
absorbed (endothermic), the peak direction is negative, while it is positive when the heat is evolved. However, the peak area is 
directly related to the amount of heat absorbed or evolved. In this study, the peak intensity below 100oC, is related to the 
vaporization of moisture absorbed by the adsorbent. The larger peak area indicates the higher adsorption of moisture by the 
respective adsorbent. This can be correlated to the adsorption of carbon dioxide during vacuum pressure swing adsorption of 
carbon dioxide.  
3.5. X-ray diffraction analysis 
 The XRD pattern for CS physical activated carbon and impregnated physical activated carbon with different metal oxide are 
shown in Fig. 5(a). Meanwhile, Fig. 5(b) represents the spectrum of PKS chemical activated carbon and PKS impregnated 
chemical activated carbon. From these figures, it can observed that physical and chemical activated carbon before the 
impregnation process (CPAC, PPAC, CCAC, PCAC) exhibit two broad diffraction peaks located at 2θ = 20-30o and 40-50o that 
revealed the presence of amorphous structure which is disorderly stacked up by carbon rings and helpful for producing well-
defined adsorbent [15]. These findings were in accordance with previous studies by Kushwaha et al. [16] and Rani et al. [17]. For 
the unloaded chemical activated carbon (Fig. 5(b)), the sharp peaks that were observed at 31.3o, 33.8o and 36.1o could be due to 
the presence of Zn species that was used during the chemical activation process. 
 The XRD pattern of modified activated carbon (Fig.5 (a) and (5)) are slightly different where the two broad peaks were 
disappeared and substituted with additional peaks of metal oxide. It is also obvious that when other metal species is loaded on the 
PCAC, the Zn species phase is changed or covered by other metal layers. Therefore, from XRD pattern is expected with highly 
dispersed metal species on activated carbon will improve the adsorption efficiency due to the chemisorptions that occurred 
between metal oxide and CO2.  
 
    
 
  Fig. 5. (a) XRD pattern for CS physical activated carbon (b)  PKS chemical activated carbon 
(b) (a) 
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3.6. CO2 adsorption 
Fig. 6 (a) and (b) exhibits the breakthrough curves for CPAC and PCAC, respectively. The CO2 concentration in the outlet 
stream was completely zero until 4 minutes for CPAC, while it was 6 minutes for PCAC. It suggests that the PCAC is more 
efficient for CO2 adsorption. This is due PCAC have higher BET surface area and large pore volume than CPAC as mentioned in 
Table 3. CO2 molecules easily penetrated through a bed of highly porous AC and allowed a large CO2 capacity to enter. Then, 
CO2 molecules diffused into pores of AC and were adsorbed onto the surface of pores of AC by weak forces of intermolecular 
cohesion (physisorption) [18]. 
 In order to improve the adsorption capacity, PCAC has been modified by impregnated with metal oxide. The loading of 
different metal species such as BaO, MgO, TiO2, CeO2, and CuO on the activated carbon surface significantly changed the 
adsorption capacity. This is due to the impregnant, which are fixed onto the surface of carbon prior to the carbon coming contact 
with the acidic gas, where the acidic gas formed chemical bonding with metal oxide [19]. However, loading of MgO decreased 
the adsorption capacity as can be seen in Fig. 7(e). This is because sample MgO/PCAC have lower BET surfaca area and 
narrower pore size distribution. Out of all metal species, BaO loading enhanced the adsorption capacity of PCAC. The CO2 
concentration in the outlet stream was zero until 10 min under the experimental conditions. BaO has a high reactivity that enables 
it to donate charge to the adsorbed CO2. The high reactivity can be attributed to the fact that it has a high basicity [20]. Based on 
the breakthrough study,  BaO/PCAC can be considered as the best adsorbent for CO2 separation from the mixture of gases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
Fig. 6. CO2 adsorption for different activated carbons 
4. Conclusion 
PKS and CS can be used as the perfect raw material to prepare activated carbon with high surface area for CO2 adsorption 
rate. Among the prepared activated carbons, CS produce the activated carbon with high surface area (1011 m2/g) using physical 
activation techniques, while PKS produce highest surface area activated carbon, 1223 m2/g using chemical activation techniques. 
The best of physical and chemical activated carbon were loaded with different metal oxide to further improve their adsorption 
characteristics. The properties of the activated carbons were characterized in term of ultimate analysis, FT-IR, BET surface area 
and XRD. FT-IR results indicated that all the raw PKS and CS were successfully converted into carbon. According to XRD 
profiles, the unloaded activated carbon exhibits two broad diffraction peaks and slightly changed when loaded with metal oxide. 
The authors believed that these loaded activated carbon will be helped to promote CO2 adsorption due to its reaction with metal 
oxide and CO2 molecules. The modified AC-PKS with BaO is shown a more efficient than others to adsorb CO2. 
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